Objective: Parkinsonian patients usually present speech impairment. The aim of this study was to verify the influence of levodopa and of the adapted Lee Silverman Vocal Treatment 1 method on prosodic parameters employed by parkinsonian patients. Method: Ten patients with idiopathic Parkinson's disease using levodopa underwent recording of utterances produced in four stages: expressing attitudes of certainty and doubt and declarative and interrogative modalities. The sentences were recorded under the effect of levodopa (on), without the effect of levodopa (off); before and after speech therapy during the on and off periods. Results: The speech therapy and its association with drug treatment promoted the improvement of prosodic parameters: increase of fundamental frequency measures, reduction of measures of duration and greater intensity. Conclusion: The association of speech therapy to medication treatment is of great value in improving the communication of parkinsonian patients.
Parkinson's disease (PD) is a degenerative disorder of the central nervous system that affects mainly the motor system 1 . The oral communication disorders are very common in these individuals and are characterized by monotonous frequency, low intensity variation 2 , low intensity feeling 3, 4 , hoarsely-rough-soprous voice, vocal tremor, prosodic insufficiency 1, 5 , articulatory imprecision 1, 4, 5, 6, 7 , disfluency 5 and changes in speech rate 4, 7 . These changes can occur in the early stages of the disease and increase the intensity and frequency of occurrence throughout the duration and course of the disease 8, 9 . The difficulty in communication can lead to social isolation 3 . Eventually, all patients with PD will be treated with the most effective drug, the levodopa, which is converted to dopamine 10 . However, some studies 2, 11 found that the effect of this drug on prosodic aspects of parkinsonian speech is modest, as few prosodic variables were modified after levodopa's use. This indicates that other therapeutic measures such as speech therapy may play a role in the treatment of speech disorders in PD.
The Lee Silverman Voice Treatment 1 (LSVT 1 ) -Lee Silverman Method of Voice Treatment -is a program of intensive speech treatment for PD patients, presenting as single focus the phonation at high intensity. This reflects indirectly in the improvement of other vocal parameters such as articulation, intonation and emission time 12 . Such speech rehabilitation is based on physiological therapy, focusing on glottal efficiency.
The present study aimed to study the effect of speech therapy and drug treatments on prosodic parameters employed in the expression of the attitudes expressed in the oral expression in patients with idiopathic PD (IPD).
METHOD
This study was approved by the Ethics Committee in Research of the Universidade Federal de Minas Gerais, according to the sentence no. 001/02. Thus, all subjects involved signed a consent form enabling their participation in the study.
Individuals and corpus
Ten patients with IPD, using levodopa, were selected, being five men ranging from 59 to 88 years of age (mean of 70.8 years) and five women, ranging from 59 to 75 years of age (mean 67.4 years).
All patients were submitted to clinical, audition, neurological and larynx evaluations. For neurological evaluation, the patients selected were the ones who had a diagnosis of IPD (according to the Brain Bank of the Parkinson's disease Society of the United Kingdom) 13 and who were among stages 2-3 on the Hoehn and Yahr scale 14 . The patients selected by the above criteria underwent recording of the corpus in a sound-treated room. Individuals were asked to speak three sentences: "I closed the window" (Eu fechei a janela), "I won the pot" (Eu ganhei a panela), "I bought the cinnamon" (Eu comprei a canela). Such sentences were spoken in four stages: expressing attitudes of certainty (AC) and doubt (AD), and declarative (DM) and interrogative modes (IM). To pronounce the sentences a context was added by using the induction method, so that the voice production should be as natural as possible. Parkinsonians were also asked to even speak the prolonged vowel [a] .
The corpus was recorded on a Digital Audio Tape Recorder (DAT) Sony Brand, PCM-M1 model, through a headset microphone Leson HD-74, cardioid (unidirectional), laterally positioned two inches from the mouth of the parkinsonian patient.
The recording was made on two occasions: after abstention of the use of levodopa for a period of 12 hours (time off) and then one hour after administration of the drug (time on).
In the following week, parkinsonian patients begin the speech therapy (individually) using an adaptation of the The F 0 parameters analyzed were: highest F 0 value of the prominent tonic (PT), lowest F 0 value of PT, amplitude of melodic variation of PT, highest F 0 value of unstressed pre-tonic (UPT) (which comes before the PT), lowest F 0 value of UPT, amplitude of melodic variation of the UPT, the highest F 0 value of the utterance, the lowest value of The analysis of the variables extracted from the acoustic analysis was sub-divided into three comparison groups:
(i) 1) PD OFF x PD LSVTa OFF: to check whether, after speech therapy, any improvement occurred in the employment of prosodic parameters, even without the action of levodopa; (ii) 2) PD OFF x PD LSVTa ON: in order to check whether, after administration of both treatments, there is improvement in the use of prosodic parameters; (iii) 3) PD ON x PD LSVTa ON: to verify whether, in the situation in which the patient is usually on levodopa usage (on) and after speech therapy, it is possible to observe improvement in prosody.
The statistical analysis of the data was performed using the MINITAB program. From the mentioned software, the F test was performed in order to determine possible differences between the two comparative groups and between attitudes and modalities.
RESULTS
When comparing the groups PD OFF x PD LSVTa OFF, PD OFF x PD LSVTa ON and PD ON x PD LSVTa ON, none statistically significant differences, in the prosodic parameters analyzed between the DM and AC and between the IM and AD were observed (as noted in the first column of Tables 1, 2 and 3) . Thus, all sentences were analyzed together for all comparison groups, not taken into account the attitudes, as proposed in the objective of this study.
When we compared the groups, a methodology to verify the existence of any statistically significant difference between men and women for all variables was adoptedas noted in the second column of the tables. If there were differences, the variable was analyzed separately by gender, and separated values were presented (as noted in the last column of the tables). For variables that showed no statistically significant difference between genders, the p-value resulting from the comparison between the groups considering individuals of both sexes was shown.
When comparing the groups PD OFF and PD LSVTa OFF, the variables that showed statistically significant differences between genders were: change rate of melodic variation of UPT (p = 0.05), duration of the utterance (p = 0.03) and average of intensity of utterance (p = 0.00).
Regarding the variable rate of change of melodic variation of UPT, there was statistically significant difference only in women (p = 0.00), which was greater for PD LSVTa OFF. Regarding the duration of the sentence, there were statistically significant differences for women (p = 0.01) and men (p = 0.00), expressed by a reduction in the duration after speech therapy treatment. As for the variable average intensity of the utterance, we found statistically significant difference only in women (p = 0.00) with lower average intensity in the PD LSVTa OFF group.
Considering the analysis without gender distinction, we noted a statistically significant difference between PD OFF and PD LSVTa OFF regarding the amplitude of UPT's melodic variation (p = 0.00), composition of the utterance (p = 0.05) and the rate of change of PT's melodic variation (p = 0.00), with increased values after speech therapy. The PT and the UPT's durations were reduced after the adapted LSVT 1 (p = 0.00). Regarding the intensity average of the prolonged vowel [a] variable (p = 0.01), an increase was also observed after speech therapy. When PD OFF and PD LSVTa ON groups were compared, we found statistically significant difference between genders for the variables utterance duration and the utterance intensity average. Regarding the utterance duration variable, we noticed a statistically significant difference for both genders (p = 0.00), expressed by reduced duration in the PD LSVTa ON group. As for the utterance intensity average variable, a statistically significant difference was observed only in women (p = 0.00), with lower intensity average for PD LSVTa ON.
Performing the analysis without distinction of gender, there was a statistically significant difference (p = 0.00) regarding the rate of change of PT and UPT's melodic variations, both increasing after the combination of speech therapy and drug treatment. Moreover, PT and UPT's durations were significantly reduced (p = 0.00) after association of the treatments. The intensity average of the prolonged Table 2 . Significance values (p) when comparing the attitudes and modalities and women and men, and their average and respective standard deviation and significance value (p) in the comparison of data between PD OFF and PD LSVTa ON groups. 
Comparing the PD ON and PD LSVTa ON groups, we observed statistically significant differences between the genders for the variables: change of UPT's melodic variation, UPT's duration and utterance intensity average. These variables were statistically significant only in women. The change of UPT's melodic variation (p = 0.01) was higher in PD LSVTa ON group, while the duration of UPT (p = 0.01) and the intensity average of the utterance (p = 0.00) were lower in PD LSVTa ON group.
Performing an analysis without distinction of gender, there were statistically significant differences in the amplitude of PT (p = 0.01) and UPT's (p = 0.03) melodic variations, for the composition of the utterance (p = 0.00), rate change of PT's melodic variation (p = 0.00), intensity variation during the utterance (p = 0.01), with all higher measures in the PD LSVTa ON group.
DISCUSSION
When comparing the PD OFF and PD LSVTa OFF groups, we observed statistically significant differences for variables involving the parameters of frequency, intensity and duration.
For F 0 variables, it was observed that after speech therapy patients with PD presented higher measures. The improvement in the F 0 parameters after treatment with the adapted LSVT 1 method is in accordance to several studies reporting the effectiveness of LSVT 1 method in improving the intonation 15, 16, 17, 18 . Regarding the variables of duration, there was a reduction after speech therapy. This improvement of the prosodic parameter of duration -even the focus of the LSVT 1 being the prosodic parameter intensity -is due to the fact that the LSVT 1 presents as its central focus the phonation at high intensity, which provides a single organized motor schema that facilitates the generalization on other systems, i.e., reflecting on the improvement of other vocal parameters 12, 14, 15, 16, 17, 18 . About the intensity average of the prolonged vowel [a] variable, an increase was also observed after speech therapy. This finding is in agreement with the reports found in the literature, that the LSVT 1 has as one of its benefits, an increase in vocal intensity 16, 17, 18, 19, 20 . Importantly, in women we observed a lower intensity average for the PD LSVTa OFF group, which contradicts the studies cited.
Comparing the PD OFF and PD LSVTa ON groups, there were statistically significant differences between the groups with regard to variables involving the parameters of frequency, intensity and duration.
Some studies 2, 11 found that levodopa might reduce the duration parameter; possibly because it improves bradykinesia symptoms, leaving the duration of the production of the segments lower after the administration of the drug. During a study 21 it was found that prolonged use of levodopa can diminish the performance in patients with PD.
The improvement of the three prosodic parameters associating both treatments (medication and speech therapy) was expected since the levodopa presents this effect in the parameter of duration and the adapted LSVT 1 method shows the same effect for the parameters F 0 and intensity. When comparing the PD ON and PD LSVTa ON groups, with regard to the F 0 parameter, we observed a more significant increase of the measures after treatments association. These findings highlight the importance of the association of speech therapy to medication in the improvement of the communicative performance of parkinsonian patients, given that the measures of F 0 were not affected by levodopa, but by LSVTa 2, 11, 15, 16, 17 . About the variables of duration there were no differences between the groups compared. This finding is in agreement with those already reported in the present study 2, 11 , showing that the speech therapy is not as effective in improving the duration parameter as the drug therapy. However, the addition of speech therapy to drug treatment did not significantly affect these variables, except for the variable UPT's duration in women.
Regarding the intensity parameter, the variation of intensity during the utterance increased after treatments association, which ultimately reflects an improvement in the vocal expression of the parkinsonian patient, given that a greater variation in intensity during the utterance (associated with composition increase) causes an improvement in the characteristic of monotonous speech of these individuals. Importantly, the variable average of intensity of the utterance was lower in PD LSVTa ON for women. One study 22 examined the effect of levodopa on breathing and phonation of individuals with IPD and no significant increase in vocal intensity as a function of levodopa was observed. The use of wind instrument, according to a study 23 , can optimize the glottal adduction and improve respiratory control. In contrast, another study 24 found that voice intensity of IPD patients tends to increase after drug administration.
A recent study 25 reported that the Parkinson disease does not make the patient use prosody to express his/her attitudes differently from the control group, however, when the attitudes were not taken into account, it was observed that levodopa was effective in the improvement of the parameter of duration. This finding reinforces the importance of the association of speech therapy to medication aiming to improve the communicative performance of parkinsonian patients.
In conclusion, when comparing the groups with PD OFF x PD LSVTa OFF and PD OFF x PD LSVTa ON we found that the speech therapy through the adapted LSVT 1 method, as well as the association of speech therapy and drug treatments, causes an improvement of the vocal expression of parkinsonian patients, once we observed an increase of F 0 measures, reduction of measures of duration and higher average of vocal intensity in the production of the prolonged vowel [a] . Regarding the comparison between the groups with PD ON x PD LSVTa ON we also observed an improvement in the vocal expression of parkinsonian patients determined, mainly, by increased of the F 0 measures. However, we also observed a reduction in the UPT's duration in women and greater variation in vocal intensity during the production of utterances. Given that levodopa is effective in improving the duration parameter, the association of speech therapy is of great value to improve other prosodic parameters (F 0 and intensity) in order to enable more efficient communication performance for the parkinsonian patient, thus improving his/ her quality of life.
